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Abstract

The noise and dark current stability of the Advanced Land Imager during the first year on orbit (November
21, 2000 - November 21, 2001) are presented. Data have been separated into short-term and long-term
periods. The analysis of short-term data indicate some SWIR detectors may drift up to ten digital numbers
between the pre and post dark observations of a given data collection event. Analysis of long-term data
suggest the VNIR dark current has deviated by less than 10 digital numbers and some SCA SWIR dark
current hasincreased by up to 200 digital numbers during thefirst year on orbit.
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1 Introduction

The Advanced Land Imager (ALI) is atechnology demonstration instrument for future wide field-of-view,
pushbroom, land-imaging systems™2. Animportant aspect of this demonstration isinstrument stability. This
document provides the trending of detector noise and dark current during the first 12 months on-orbit
(Novermber 21, 2000 — November 21, 2001). Data will be trended for each of the ten spectral bands and
each of the four sensor chip assemblies.

Dark current trending for the first sixty days on orbit have been presented previously®.

2 Dark Current

The dark current stability of the Advanced Land Imager has been analyzed using dark current data
collected as a part of daily Earth scene observations. During a typical data collection event or DCE, two
seconds of dark current are collected before and after the Earth scene is imaged. These data are used to
establish dark current baselines for all detectors for the corresponding observation and are also used to
monitor the noise of the focal plane over time. The stability of the ALI dark current has been divided into
two epochs, short-term and long-term.

21  Short-Term

The short-term dark current stability of any instrument isimportant for accurate dark current subtraction as
a part of the radiometric calibration of a scientific observation. Ideally, the dark current of an instrument
will be absolutely stable during an observation, requiring a single correction for each detector to account
for dark current levels. The short-term dark current stability of the Advanced Land Imager has been
examined by comparing levels at the beginning of a data collection event to levels at the end of a data
collection event. Initia dark current levels are defined as the mean levels of each detector during the dark
reference period prior to the science data acquisition. Final dark current levels are defined as the mean
levels of each detector during the dark reference period after the science data acquisition. The differences
between the two periods have been calculated for a DCE on January 15, 2001, one day after the focal plane
was purged of contamination through boil-off. The results are presented in Figures 1-10. When reading the
valuesin these figures, it should be recalled that the saturation level for all detectorsis 4096 digital counts.
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Figure 1: Band 1p drift between pre and post dark current collections for January 15, 2001.
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Figure 2: Band 1 drift between pre and post dark current collections for January 15, 2001.
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Figure 3: Band 2 drift between pre and post dark current collections for January 15, 2001.
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Figure 4: Band 3 drift between pre and post dark current collections for January 15, 2001.
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Figure 5: Band 4 drift between pre and post dark current collections for January 15, 2001.
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Figure 6: Band 4p drift between pre and post dark current collections for January 15, 2001.
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Figure 7: Band 5p drift between pre and post dark current collections for January 15, 2001.
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Figure 8: Band 5 drift between pre and post dark current collections for January 15, 2001.
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Figure 9: Band 7 drift between pre and post dark current collections for January 15, 2001.
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Figure 10: Panchrorretic Band drift between pre and post dark current collections for January 15, 2001.



The data demonstrate excellent stability (<1 DN) of the VNIR and Panchromatic detectors between dark
current collection periods. Band 5p detectors drift up to 3 DN n SCA 1 and 2 DN in SCA 2. Band 5
exhibits little drifting, with slight increases towards the edges of SCA 1 and 2. Detectors 911 and 913 also
show ~6 DN variability but have been previously identified as anomalous detectors with excess dark
current and noise®. Band 7 exhibits the largest dark current drift: 1-2 DN for SCA 3 and 4, 2-3 DN for SCA
2, and 2-5DN for SCA 1.

To investigate the source of this drifting, a special dark current collection sequence, obtained on February
3, 2001, was analyzed. This test consisted of powering the ALI focal plane over the north pole of the Earth
and taking dark current readings every 5 minutes over the course of ¥z orbit®. The mean dark current values
for each detector of every band were calculated for two of the dark current collections, separated by five
minutes. The differences between VNIR means are less than 1 DN. The differences between SWIR means
are presented in Figures 11-13.
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Figure 11: Band 5p drift between two dark current measurements from the February 3, 2001 special dark
collection.
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Figure 12: Band 5 drift between two dark current measurements from the February 3, 2001 specia dark
collection.
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Figure 13: Band 7 drift between two dark current measurements from the February 3, 2001 special dark
collection.



The VNIR and panchromatic data, obtained from the special dark current collection, demonstrate excellent
stability between observations. This is in agreement with the nominal DCE dark current drift between pre
and post-science dark current collections. However, the special dark collections also indicate little dark
current drift for the SWIR bands as well. These data indicate much better dark current stability for this
observation, when contrasted to the nominal DCE data.

A possible source of the different behavior of the SWIR detectors during nominal DCEs is heating of the
focal plane by reflected sunlight. Table 1 provides a timing sequence for a typical ALI data collection
event. This sequence has been normalized such that the beginning of the science data collection occurs at
time 0:00. For a typical DCE, the first dark collection occurs three minutes and eight seconds before the
Earth observation begins. The significant delay is the time required for the EO-1 Attitude Control System
to stabilize the spacecraft after the ALI aperture cover is opened. The second dark collection occurs fifty-
seven seconds after the Earth observation ends. Between the —3:05 and 0:39 periods, the focal plane is
illuminated by reflected sunlight. During the special dark collections, the aperture cover remains closed,
eliminating this source of heating. However, a good instrument thermal control system would compensate
for any heating effects by reducing the heat load on the focal plane through whatever cooling mechanismis
available. Unfortunately, the ALI does not have the ability to adjust the focal plane temperature while the
focal plane is powered. Shortly after instrument assembly, it was discovered that when the Focal Plane
Electronics (FPE) Operational Power is turned on, the FPA temperature control loop is effectively disabled
because the feedback signal is corrupted by noise generated in the FPE. It isassumed that this comes about
because the DT570 diode temperature sensor on the FPA rectifies AC noise and a large offset is imposed
on the signal. The FPE thermal control system reacts by reducing the FPA conductor bar heater power to
zero. In order to overcome this, the ALI thermal control software has been modified to induce the FPA
thermal control system to supply an amount of power during stand-by mode (when the focal plane is not
powered), which is equal to the electronic dissipation in the FPA resulting from the operation of the SCAs
(data collection mode). This level is 0.4 W. When the focal plane is powered, the heat lost by disabling the
FPA temperature control loop is replaced by the electronic dissipation in the FPA. In addition, the last state
of the ALI thermal control system, when the focal plane is powered, is frozen. Thus, the power provided to
the FPA remains constant during data collection and during stand-by mode, thereby maintaining the
thermal stability of the instrument throughout an orbit. In laboratory measurements, it was established that
5 to 6 minutes after focal plane activation, the worst case of dark current drift (Band 7) was 0.5 counts.
However, it is postulated that the thermal load created by reflected sunlight during a nominal DCE is not
properly accounted for by this system, resulting in the slight dark current drifting of some SWIR detectors
during an Earth observation.

In order to minimize the effects of SWIR baseline drifting during Earth observing portions of a DCE, dark
current values obtained from the second dark reference period or an interpolation between the first and
second periods should be used when accounting for detector biases. Bias levels obtained solely from the
first reference period should not be used.

Table 1. Relative time sequence for atypical DCE.

Time (Reativeto DCE) Event
-7:.08 Power Focal Plane
-3.08 Dark #1
-3.05 Open Aperture Cover
0:00 Start Earth Observation
0:28 Stop Earth Observation
0:39 Close Aperture Cover
0:57 Dark #2
1.06 Reference Lamp Observation
1:26 Power Off Focal Plane




22 Long-Term

The long-term dark current stability of the instrument has been examined by trending dark current data
from all DCEs during the first year the ALI was in-oribt. For each data collection event, the data from the
second dark period is used for the dark current trending.

The focal plane has been divided into several sections for this analysis, owing to the different dark current
produced by different detectors. Odd and even detectors are treated separately for all bands. Results for the
Panchromatic band have been additionally divided by tri-reads (each Panchromatic detector is read three
times for each Multispectral detector read and each tri-read resultsin adifferent dark current value for each
detector.). SCA 4 for the SWIR bands has been divided into four sections to account for the enhanced dark
current values observed near detector 1200. Finaly, the dark current has been calculated as the mean of
individual detector dark current values.

The results of the ALI focal plane dark current trending for Bands 1p, 1, 2, 3, 4, 4p are provided in Figures
14-25. Each figure depicts the results of an individual band. Within each figure, the results of odd and even
detectors for each sensor chip assembly are provided. The results of dark current trending for Bands 5p, 5,
and 7 are provided in Figures 26-31. Each figure depicts the results of an individual band. Within each
figure, the results of odd and even detectors for each sensor chip assembly are provided. SCA 4 is further
divided into four quadrants, owing to the rapid change in dark current near the previously identified ‘ hot
spot’ near detector 1200%. Finally, the results of dark current trending for the Panchromatic Band are
provided in Figures 32-37. Each figure depicts the results of an individual tri-read. Within each figure, the
results of odd and even detectors for each sensor chip assembly are provided.

10
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Figure 14: Dark current trending for Band 1p odd detectors.
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Figure 15: Dark current trending for Band 1p even detectors.
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Figure 16: Dark current trending for Band 1 odd detectors.
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Figure 17: Dark current trending for Band 1 even detectors.
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Figure 18: Dark current trending for Band 2 odd detectors.
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Figure 19: Dark current trending for Band 2 even detectors.
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Figure 20: Dark current trending for Band 3 odd detectors.
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Figure 21: Dark current trending for Band 3 even detectors.
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Figure 22: Dark current trending for Band 4 odd detectors.
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Figure 23: Dark current trending for Band 4 even detectors.
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Figure 24: Dark current trending for Band 4p odd detectors.
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Figure 25: Dark current trending for Band 4p even detectors.
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Figure 26: Dark current trending for Band 5p odd detectors.

23



Eod Sp Serwcr Thip Gawernbdy | Eren Dalectars Dol Curment

pr o
B s

<

L= i)

300
Dot Cao st Begra,
Bord Sp Serecr $hip dasebdy 2 Comn Dalachars Dork Gurrent

-
50 o /-_.'.-.-—.r;,.:
- S .t - - fdpe e, =
54 e oot VY oD ol e e T
2 T e : o '
2 waf- ;
m'__ 1 L I
] 0 0 5
Carka Gollpetion Erand,
Barel 3p Sereor Ghip Pasermbdy 3 E-sn Derlactars Dark Cument
bl
20

O P

X0
o 0 oo 1Em
Crria ol et [emnl
Band Sp Serawr Ohip Arsemil 4 Guodoed | Eeen Oslestar Dark Guirent
wu ]
= ; G T\:'
: E R AR ey i e T R gAY
Em:‘-“’nﬂ“"rm-. S O i e s AR i e e e —
]

a 0 18

L
Dt Dedwetinn Trard
Eiand Sp Garesr Chig dmeamil 4 Guadrad 3 Ceen Daiecbers Dark Sumrent

§ -
E e B B s T A e A, T i i W e T A i i BT o o ettty

L&
IIIIIII
IIIIIII

00 1m0

woo
Corio Cofisction [eani

Fand Sr Samaer whic Smemmial 4 Guedie 3 sen Ostestem ferk Sument

e e T P et i s b ctmnat ay o

DI | P
ol i -
IIIIIIIII“II

L g hl-

e
Guia Dollection Deard

Eand fip Swraee Chip daterieg d Ousdiedl 4 Esen Daloclonr Dark Cument

o -l,-,,p-,-u;,;,;_;a-',-u R T et i oh St ] e e e N e T T S P e e Tl

B Bk o8
IIIIIIII?IIIIIIIII

D i

IIIIIIIIIF 1 IIIIII

oo
Crrin Gellection Dmert

Figure 27: Dark current trending for Band 5p even detectors..
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Figure 28: Dark current trending for Band 5 odd detectors.
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Figure 29: Dark current trending for Band 5 even detectors.
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Figure 30: Dark current trending for Band 7 odd detectors.

27



Bard ¥ Syeace Chip dasembly | Ever Cabecdors Dok Curreck

|
i e e
I P Gl e i
§ 0 R
5 .
E &5
420
o & 300
Dot Cao st Begra,
Bard 7 Sesas Chip spsembly & Even Dateciors Dark Currerd
0 o
e
; R 2
vy g etk e el e o A A
- 1-1] . o e _;_.H_..;;-_-;_f;._ e e ey
= e -'.—""::‘rf - =y e, ’ ’ '
| e e e e 2 i :
m 1 L I
i e 0 50
Gurla Colledtion Eranl
Bard 7 Tensor Ghip Assamblr 3 E-on Detaciore Dok Cumrerd
- E
PE 3
i Jm:_-'- =
i‘ - =
e =
o 0 1800

oo
Dt ol ection [t
Bored 7 Serane Chip Aazembly 4 Dacdroni 1 Even Datactors Dork Currerd

-

i P T

500 WL (1]
Do Dok Erird

bord T Sermor Chip Aamsmbly 4 Qeadrond 3 Ceer Debectors Gork Curceek

e Lt e s el

00 woo 1m0
Coio Cofisction Leani

Bared 7 S Ghie fassmibly § Unesnent 3 Cewn Dolectern Gers Ramend

e e

e e e A S

LR .
R e
- -

=
P
riad =

oo
Crrin Gellection Dmert

Figure 31: Dark current trending for Band 7 even detectors.
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Figure 32: Dark current trending for Panchromatic Band tri-read #1 odd detectors.

29



Pan Borwd Sermse Chip desembly | Tri—wad 3 Odd Deleclors Dodk Currand
T T T

. A
E C i
o] ey e L A AP T A T e S | S A =3
L 3
¥ bt hains o it

. . L —
505 RL

30D
Dot Callsotion [rarl
Fanchmemolic Boyd Tensar Chin Assembdy 2 Tri—rsod 1 Ocd Detechors Durk Current
T g T T g T

=R T
B
.‘illlllllll

Illllllllllqlllllllll

Xl
RO 1 i n i n 1
o o won 1o
i Bafockion Eeerd
Panchremoliz Bond Sansar Chip Assembly & Tri—resd 1 0dd Debecbors Dark. Current
. - T
0 l— —
= Hol— —
T L A, e P L S, oL s K LR Sy LR S e PR o i U LR PR e~ Tl e S
L i i 1 =
] 0 A0k 1m0
Coria Callpotion [-ard
Fanchmomotic Bared Sensar Chip Sesembdy 4 Tri—rsad 2 Ol Detechors Dok Current
e : T 7 : E v X T T v : E v z : : :

PR NI Y i = VTR " A s L B e S e, e e e

Rl ra e
N
I”"””!ﬂ””""

IIIIIIIIImIIIIIIIIII

oo
Crrin Gellection Dmert

Figure 33: Dark current trending for Panchromatic Band tri-read #2 odd detectors.
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Figure 34: Dark current trending for Panchromatic Band tri-read #3 odd detectors.
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Figure 35: Dark current trending for Panchromatic Band tri-read #1 even detectors.
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Figure 36: Dark current trending for Panchromatic Band tri-read #2 even detectors.
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Figure 37: Dark current trending for Panchromatic Band tri-read #3 even detectors.



The magnitudes of the VNIR dark current levels, shortly after launch, are consistent with those cal cul ated
during pre-flight calibration of the instrument*. Band 2 SCA4 odd detectors and Band 3 SCA 3 even
detectors have increased dark current levels compared to the corresponding even and odd detectors
respectively. This is due to the influence of previously identified leaky detectors in these bands.
Additionally, all SWIR bands exhibit enhanced dark current levels for aregion of SCA 4 that is associated
with a previously identified ‘hot spot’ in the focal plane. Finally, focal plane bakeout periods are associated
with the apparent periodic resetting of the dark current levelsin the SWIR bands.

Aside from the above known peculiarities, dark current trending during the first year on orbit has identified
two new focal plane behaviors: differing dark current levels or states between observations and an increase
in SWIR dark current levels between bakeouts and over the course of the year.

Differing states manifests itself as different dark current levels for Bands 1p, 4, 4p, 5p, 5, 7, and the
Panchromatic band from one observation to another. This variability is very repeatable and appears to be
different dark current states that the focal plane locks into during data collection events.

Anincreasein dark current levels for some SWIR bands have al so been observed between bakeout periods.
This increase appears to be largely reset after a bakeout occurs, but long-term trending indicates a gradual
increase in dark current levelsfor the SWIR bands, particularly Bands 5p and 7.

To investigate the dark current states and SWIR drifting effects, the mean dark current level for each
detector of every band has been calculated over a ten-day period, beginning on July 27, 2001. This period
spans two ALI bakeout sequences. The difference in dark current levels for each band, relative to a baseline
level obtained immediately after the first bakeout, is provided in Figures 38—47.

Band 1p exhibits at least four different, repeatable, dark current states over the course of the ten-day period.
Bands 1-3, which seemed to have only one state during long-term trending, have two dark current states.
Interestingly, the odd and even detectors appear to have offsetting states which, when averaged, appear to
reduce to a singe state. Band 4 exhibits four states, Bands 4p and 5 each exhibit 3 states, and the
panchromatic band exhibits 4 states. It is difficult to identify different dark levels states for Bands 5p and 7,
due to the evolving structure of the dark current levels over time. This structure, when averaged, resultsin
the apparent increase in dark current levels between bakeout sequences.

Finally, the detector level structure of the long-term increase in SWIR dark current levels have been
derived by subtracting mean dark current levels obtained of a January 2001 observation from mean dark
current levels obtained from a November 2001 observation. These observations were obtained soon after a
bakeout. The results of this comparison are presented in Figures 48-51. For clarity, odd and even detectors
for Band 7 have been plotted separately. Inspection of these data reveal a significant increase in dark
current levels for SCAs 1 and 2 of Band 5p and 7, consistent with long-term trending presented earlier.
Similarly, littleincreasein dark current levels are observed for SCAs 3 and 4.
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Figure 38: Dark current drifting for Band 1p over 10 day period after an on-orbit bakeout.
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Figure 48: Dark current drifting for Band 5p between Jan 2001 and Nov 2001.
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3 Noise

The noise of the Advanced Land Imager has also been trended using dark current data collected as a part of
daily Earth scene observations. For each DCE, the data from the second dark period, after the image is
collected, is used for the trending in this report. Noise trending is provided for each band and SCA. Noise
levels been calculated as the mean of individual detector noise values.

31 Trending

The results of the ALI focal plane noise trending are provided in Figures 52-71. For each band, two figures
are provided. The top figure depicts the noise for each SCA as a function of mission day number. The
lower figureis ascatter plot of dark current and noise values for the first year on orbit.
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Figure 57: Dark current and noise scatter plot for Band 2.
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Figure 58: Noisetrending for Band 3.
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Figure 59: Dark current and noise scatter plot for Band 3.
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Figure 60: Noisetrending for Band 4.
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Figure 61: Dark current and noise scatter plot for Band 4.
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Figure 63: Dark current and noise scatter plot for Band 4p.
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Bgred S Sensor Chig Assambdy T Dork Carrent and Modes
LE

§ 1o _ MW#" L3

0e

ot

o Jod A S 0

Deet Currand (34)
Ecnd Sp Serwor Chip dasernbly 2 Lok Currenl and Bons

1

14
Eis g E
I in o
; aB

ik

i) L] HEl 0 o

Gt Surrerd (00
Bardd Sp Sensor Chip Asssmidy 3 Dark Current and Moles

LE|

ral -
EH =
i . i
] L

nE

ne

oo p E o #00

0
Dert Curmsnd (380
Eond Sp Sermer Chip Aaswrnbly & Durk Current and Neine

S i O
5 bl ol

HEl
Do Srrmrd (00}

Figure 65: Dark current and noise scatter plot for Band 5p.
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Figure 67: Dark current and noise scatter plot for Band 5.
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Figure 68: Noisetrending for Band 7.
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Figure 69: Dark current and noise scatter plot for Band 7.
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Figure 71: Dark current and noise scatter plot for the Panchromatic Band.



The apparent systematic increase in detector noise across several spectral bands for some particular DCEs
isthe result of focal plane outgassing performed at the times of those observations. All ALI detectors were
heated to 270 K periodically during the first year on-orbit. This heating resulted in increased detector dark
current and noise, particularly in the short wave infrared bands (5p, 5, 7).

The noise of the ALl VNIR and panchromatic arrays appears very stable since launch and remained below
1 DN for al bands. Additionally, the scatter plots confirm the different dark current states acquired by the
focal plane have been very repeatable.

The noise of Band 5 appears to have remained below 1 DN during the first year, agreeing with the lack of
substantial dark current increase during this period. However, the noise levels for SCAs 1 and 2 of Band 5p
have tracked the increase in dark current over time in these detectors and have reached between 1.2 and 1.5
DN. Similarly, the noise for SCAs 1 and 2 of Band 7 have tracked rising dark current levels and have
reached 1.6 DN. The tracking of dark current and noise in the SWIR bands is clearly evident in the
associated scatter plots.
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4 Discussion

The dark current and noise trending of the ALI focal plane during the first year on orbit have provided
insight into the day-to-day stability of the instrument. All data suggest the focal plane assumes between one
and four dark current values when powered. Although the source of these multiple discrete values is not
understood, their appearance in all the bands, those using Si detectors as well as those using HgCdTe
detectors, suggests alikely origin in the FPA/FPE circuitry.

Dark current and noise data also indicate the VNIR and panchromatic bands have been very stable and
changed little during their first year of exposure to the space environment.

The SWIR detectors of SCAs 1 and 2 of Bands 5p and 7 have shown some increase in dark current levels
between bakeouts and over time. The source of this dark current increase is unclear. However, it is
interesting to note that contamination build-up on the focal plane filters also appears to increase between
bakeouts, only to return to baseline levels after the focal plane is again cooled. Although it is tempting to
associate the contamination build-up with elevating dark current levels, reviewing the history of
contamination on orbit does not support this hypothesis. First, the rate of Band 7 contamination build-up
between bakeouts has decreased over time. If the contaminant was associated with rising dark current
levels, one would expect the dark current rate of build-up to decrease over time as well. However, the rate
of dark current build-up between bakeouts appears to be increasing with time. Second, long term
contamination trending indicates Band 7 has been free of contamination since Day 300. However, the rate
of dark current build-up over time appears to be increasing, suggesting it is not associated with
contamination rates.

A dark current drift for some SWIR detectors between the first and second dark current reference periods
has been observed. This has been attributed to heating of the focal plane by reflected sunlight and has
implications on long-term data collection or multiple short-term observations. For nomind EO-1 DCEs, the
second dark reference data can be used to effectively remove detector dark current bias. For longer scenes,
the SWIR drift may become significant between the beginning and the end of the observation. In this case,
interpolation of dark current levels may be required. Additionally, for multiple scenes acquired in sequence
over the course of ¥ orbit, intermittent dark reference periods with the cover closed are desirable to ensure
proper dark current subtraction. Finally, the observed drift in SWIR dark current levels can be eliminated in
future instruments if an active thermal control system, immune to noise, isimplemented.

A small number of detectors on each band of each SCA, covered with an opaque surface, would have been
useful as dark current references. These detectors could have been used to track the dark current levels of
the focal plane even during the Earth observing portion of a DCE. These detectors would be especially
useful in the SWIR. However, the dark current stability of the ALI focal plane has proven non-uniformin
the SWIR, particularly onthe SCA level, and the placement of these detectors becomes important.

This report points out certain interesting properties of the ALI focal plane system. However, it is important

to note that the system has been performing asit was intended and that the various minor artifactsidentified
here do not detract from the ability to produce well-calibrated ALI data.
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